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Abstract—A novel RF interference rejection technique using 
four-port network is presented in this paper by using two 
diplexers combined together. This technique offers the signal 
isolation of 68.46 dB between transmitter and receiver module, 
which is the best figure ever reported. The four-port network 
exploits both high and low-Q factor filters for the cost reduction. 
The design tolerance with phase deviation between 180o and 183o 
of four-port network was investigated and the novel concept still 
has signal isolation (S32) of better than 65.47 dB, which is still 
superior compared to the existing diplexer. Finally, RF 
interference rejection technique can be used in wireless 
communication systems whereas small size, low losses and low 
complexity are required. 
Keywords—four-port network; lumped element; diplexer; high 
isolation 
I.  INTRODUCTION 
The recent advance of radio frequency (RF) and microwave 
technology has stimulated the rapid development of modern 
wireless communication systems. For the last few decades, a 
variety of techniques used to design bandpass filters were 
developed e.g. lumped-elements (LC Circuit), microstrip 
configurations, coaxial configurations, dielectric filters, cavity 
resonator and high temperature superconductors [1, 2]. In 
microwave system, it is challenging to design a device at low 
cost and high performance. The design of different filters and 
diplexers was discussed in [3-4] which conventional diplexers 
offer low cost (microstrip structure) but give poor isolation 
performance (worse than 20dB) and high losses. Consequently, 
a new technique to improve signal isolation while keeping low 
signal losses is required. Diplexers are three-port network and 
commonly used to combine or separate different signal 
frequencies which they are usually set in the form of filters. RF 
front-end of a cellular radio base station uses bandpass filters to 
discriminate two different frequency bands for transmitting 
(Tx) and receiving (Rx) channels using a single antenna as 
shown in Fig. 1. Generally, relatively high power signals, in an 
order of 30 W, are generated by Tx channel. Consequently, the 
Tx filter should have high capability of power handling and the 
receiver Rx channel has to detect very weak signals [5]. 
Therefore, in order to protect the low-noise amplifier in the 
receiver channel from the transmitter channel with high power 
signals (30 W), the Rx filter is designed to have high signal 
isolation between the two channels because transmit power 
amplifier produces out-of-band intermodulation products and 
harmonics [5]. In the transmitting band, Tx filter also has a 
high level of stopband attenuation to reject the noise generated 
at the output of the power amplifier. For this reason, diplexer 
with high isolation between Tx and Rx channels is required. 
 
Fig. 1. RF front-end of a cellular base station. 
In this paper, a novel RF interference rejection technique 
using four-port network is introduced as a superior design 
technique for the high-isolation at lower cost compared to the 
state-of-the-art diplexer devices. The proposed four-port 
network combines bandpass filters with high and low-Q factor 
for the cost reduction and device miniaturization while offering 
superior RF performance.  
II. ANALYSIS OF THREE-PORT AND FOUR-PORT NETWORKS 
For a lossless and reciprocal network, the unitary condition 
of network can be shown as [5]: 
[ܵ][ܵ∗]=[1]                   (1) 
Consider the three-port network shown in Fig. 2, the 
scattering matrix can be described: 
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Fig. 2. A three-port network. 
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ଵܵଶ ଵܵଷ∗ + ܵଶଶܵଶଷ∗ + ܵଶଷܵଷଷ∗ = 0       (3) 
We wish ܵଶଷ=߳ ≪1 in Tx band and we also consider ଵܵଷ ≅1 for low loss. From (3), ଵܵଶ ∙ 1 + ܵଶଶ ∙ ߳∗ + ߳ ∙ ܵଷଷ∗ = 0. Now 
we give the reflection in Tx band at port 2, ܵଶଶ ≅ 1. Therefore,  
ଵܵଶ + ߳∗ + ߳ ∙ ܵଷଷ∗ = 0, then ଵܵଶ=≪1. 
Hence, the only solution for a three-port would be a 
conventional diplexer. However, if we examine a four-port 
network as shown in Fig. 3. 
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Fig. 3. A four-port network. 
 Let ଵܵଵ, ܵଶଶ, ܵଷଷ, ܵସସ = 0 ∀߱ 
Let  	ܵଶଷ = 0  ∀߱ 
Again, we consider in Tx band, 
 ଵܵଶ=ߛ ≪1, ଵܵଷ = ∆	≅ 1, ܵଷସ=߳ ≪1, ܵଶସ=?,	 ଵܵସ=0      (4) 
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ߛ 0 0 ܵଶସ
∆ 0 0 ߳
0 ܵଶସ ߳ 0
൪ ൦
0 ߛ∗ ∆∗ 0
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0 ܵଶସ∗ ߳∗ 0
൪=[1]           (5) 
And then 
|ߛ|2+|∆|2=1           (6) 
 
|ߛ|2+|ܵଶସ|2=1            (7) 
 
|∆|2+|߳|2=1           (8) 
 
|ܵଶସ|2+|߳|2=1            (9) 
Hence 
|ܵଶସ|=|∆|                    (10) 
 
|߳|=|ߛ|                   (11) 
 
ߛ ∙ ܵଶସ∗ + ∆ ∙ ߳∗ = 0          (12) 
 
ߛ ∙ ∆∗ + ܵଶସ ∙ ߳∗ = 0          (13) 
 
A solution is 
 ܵଶସ = −∆∗ and ߛ = ߳∗   (14) 
For real quantities 
∆=√1 − ߳ଶ,   ߛ = 	߳, ܵଶସ = −√1 − ߳ଶ           (15) 
When ߳ ≪1 
Therefore, the scattering of four-port network at Tx 
frequency can be given as 
[ܵ] =
ۏێ
ێێ
ۍ 0 ߳ √1 − ߳ଶ 0߳ 0 0 −√1 − ߳ଶ
√1 − ߳ଶ 0 0 ߳
0 −√1 − ߳ଶ ߳ 0 ے
ۑۑ
ۑې			(16) 
And at Rx frequency 
[ܵ] =
ۏێ
ێێ
ۍ 0 √1 − ߳ଶ ߳ 0√1 − ߳ଶ 0 0 −߳
߳ 0 0 √1 − ߳ଶ
0 −߳ √1 − ߳ଶ 0 ے
ۑۑ
ۑې						(17) 
 
From the S-parameters of four-port network at Tx and Rx 
band, it can be seen that the phase between port 2 and 4 must 
be out of phase (180° different) to obtain the best signal 
isolation and block diagram presenting component topology of 
the four-port network is shown in Fig. 4. 
From Fig.4, the four-port network is based on the design of 
two diplexer bandpass filters combined together; one of them 
meeting the desired High-Q and the other desired Low-Q in 
order to reduce cost in mass production and keep low losses. 
( 180 )− 
 
Fig. 4. A diagram of four-port network. 
III. LUMPED-ELEMENT CHEBYSHEV FILTER DESIGN FOR 
DIPLEXER AND A FOUR-PORT NETWORKS 
The key design parameters of lumped-element Chebyshev 
bandpass filter is shown in table I. 
TABLE I.  SPECIFCATONS OF BANDPASS FILTERS DESIGN 
Centre frequency Tx=1.73 GHz  and Rx=2.13 GHz 
Passband Bandwidth 50 MHz  
Stopband Attenuation >40 dB 
Passband Return Loss > 20 dB 
Passband Insertion Loss < 0.4 dB 
System Impedance 50 Ω 
 
Firstly, the order of the filter can be calculated in [5]. 
ܰ ≥ ௅ಲା௅ೃା଺ଶ଴	௟௢௚భబ[ௌା(ௌమିଵ)భ/మ]                    (18) 
Where 
   LA=40 and LR=20             (19) 
S is the selectivity and is the ratio of stopband to passband 
bandwidth. Hence 
S=40         (20) 
     N≥ =1.734         (21) 
That is, a degree 2 transfer function at least must be used. 
The ripple level ε is 
ߝ = (10௅ೃ/ଵ଴ − 1)ିଵ/ଶ                   (22) 
=0.1005 
The doubly loaded normalised lowpass prototype filter 
element values ( ௜݃) can be calculated as [6] 
ଵ݃ = ଶ௔భఊ        (23)  
 
௜݃ = ସ௔೔షభ௔೔௕೔షభ௚೔షభ  ,         ݅ = 2,3, …ܰ        (24) 
݃ேାଵ = 1		݂݋ݎ	ܰ	݋݀݀ 
= ܿ݋ݐℎଶ ቀఉସቁ 		݂݋ݎ	ܰ	݁ݒ݁݊ (25) 
Where 
ߚ = ݈݊ ቀcoth ௅ೃ௅ଵ଻.ଷ଻ቁ    (26) 
ߛ = ݏ݅݊ℎ ቀ ఉଶேቁ  (27) 
ܽ௜ = ݏ݅݊ ቂ(ଶ೔ିଵ)గଶே ቃ , ݅ = 1,2, …ܰ    (28) 
And 
ܾ௜ = ߛଶ + ݏ݅݊ଶ ቀ௜గேቁ , ݅ = 1,2, …ܰ    (29) 
Therefore, the calculated element values of a second order 
Chebyshev filter are given as g0=1, g1=0.843, g2=0.622 and 
g3=1.3554. The normalized external couplings coefficients are 
calculated as       ݇௘ = ଵඥ௚బ௚భ =
ଵ
ඥ௚ಿ,ಿశభ                        (30) 
And the internal couplings are calculated as 
݇௜,௜ାଵ = ଵඥ௚೔௚೔శభ , ݅ = 1,2, … ,ܰ − 1    (31) 
The normalized coupling coefficient can be represented in 
terms of coupling bandwidths 
ܭ௜,௜ାଵ = ଵඥ௚೔௚೔శభ ∗ ܤܽ݊݀ݓ݅݀ݐℎ	(ܩܪݖ)    (32) 
The inductor used to realize external impedance inverter of 
the bandpass filter can be calculated from the relation [6]. 
ܮ௘ = ௓బగටଶగ௙బ(ಸಹ೥) ௄೐(ಸಹ೥) ݊ܪ   (33) 
The inductor is used to form of impedance inverter between 
adjacent resonators of the bandpass filter as shown in Fig. 5. It 
can be calculated as from the [6]. 
ܮ௜௝ = ௓బగమ௄೔ೕ(ಸಹ೥) ݊ܪ          (34) 
K
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Fig. 5. Equivalent circuit of impedance inverter. 
The element values of shunt resonator with centre 
frequency and the system impedance level of 50 Ω can be 
calculated as [7]. 
C = ଵସ୤బ(ృౄ౰)୞బ nF          (35) 
And     
L = ୞బ஠మ୤బ(ృౄ౰) nH         (36) 
IV. DESIGN EXAMPLE AND RESULTS 
The diplexer (three-port) design is based on the 
independent design of two bandpass filters as following steps.  
Step 1: design filter in Tx between port 1 and 3 at centre 
frequency of 1.73 GHz with 50 MHz bandwidth. 
Step 2: calculate the external and internal coupling 
coefficients as equation (30) and (31). 
Step 3: calculate the shunt resonator elements as equation 
(35) and (36). 
Step 4: design filter in Rx between port 1 and 2 at centre 
frequency of 2.13 GHz with 50 MHz bandwidth which is the 
same steps as in Tx. 
Then, the T-junction is connected the two independent 
bandpass filters together. The circuit of the inverter coupled 
diplexer network is shown in Fig. 6. The external coupling 
coefficients are KT1= 0.322 and KR1= 0.289. The internal 
coupling coefficients are KT12= 0.084, KR12= 0.082. The 
element values of shunt resonator are L11= 2.3784 nH, L22= 
2.9284 nH, C11= 2.3474 pF, C22= 2.8902 pF. The inverter 
coupled three-port network simulated response by AWR 
microwave office is portrayed in Fig. 7. The 20-dB bandwidth 
is 50 MHz. The passband IL in Tx band is less than 0.22 dB 
and Rx band 0.31 dB. The RL in both channels is better than 
20 dB in the passband.  
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Fig. 6. Inverter coupled diplexer layout. 
From Fig.4, two diplexer filters (diplexer 1 and 2) are 
combined together in order to obtain the best isolation. The 
first diplexer (No. 1, 2 and 3) is designed with High-Q factor 
(Q=1000). The second diplexer (No. 2, 3 and 4) is designed 
with Low-Q factor (Q=500). The circuit of the inverter 
coupled four-port network is shown in Fig. 8. The inverter 
coupled four-port network simulated response is portrayed in 
Fig. 9. The RL in both channels is better than 20 dB in the 
passband. The passband IL in Tx band is less than 0.23 dB and 
Rx band 0.32 dB. It can be seen that both three-port and four 
port network are almost the same insertion loss. The 
comparison isolation (S32) of three-port and four-port is shown 
in Fig. 10. The simulated isolation of diplexer network is 
35.66 dB and 68.46 dB in four-port. From Fig. 10, it can be 
seen that the phase shift between 180o and 183o of four-port 
network still has signal isolation (S32) better than the existing 
diplexer. 
       
Fig. 7. Inverter coupled lumped element diplexer network response.  
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Fig. 8. Inverter coupled four-port layout. 
         
Fig. 9. Inverter coupled lumped element four-port network response. 
 
Fig. 10. Comparison of isolation (S32) response of diplexer and four-port 
network. 
V. CONCLUSIONS 
The novel RF interference rejection techniques using a 
four-port diplexer is proposed here. The concept is very 
attractive since the four-port network is based on the design of 
two independent diplexer bandpass filters, (Tx at 1.73 GHz, 
Rx at 2.13 GHz, BW=50MHz): one of them meeting the 
desired High-Q (Q=1000) and the other desired Low-Q 
(Q=500). The new technique design can enhance the isolation 
(S32) from (35.66 dB) to (68.46 dB). Finally, RF interference 
rejection technique can be used in wireless communication 
systems whereas small size, low losses and low complexity 
are required. 
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